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We present a way of protecting a Dirac fermion interacting with a scalar (Higgs) field from getting a mass from 
the vacuum. It is obtained through an implementation of translational symmetry when the theory is formulated 
with a momentum cutoff, which forbids the usual Yukawa term. We consider that this mechanism can help to 
understand the smallness of neutrino masses without a tuning of the Yukawa coupling. The prohibition of the 
Yukawa term for the neutrino forbids at the same time a gauge coupling between the right-handed electron and 
neutrino. We prove that this mechanism can be implemented on the lattice. 



1. HIGGS MECHANISM (SM) 

The Higgs mechanism is the mechanism to give 
mass to fermions and gauge bosons in the Stan- 
dard Model (SM). However, in the SM there are 
massless fermions: the neutrinos. In fact, a right- 
handed neutrino vr is not introduced so that it 
remains massless. However, most of the exten- 
sions of the SM imply the existence of a vr. With 
the introduction of a vr, the neutrino can be 
coupled to the Higgs field and get a Dirac mass 



h.c). A fundamental problem is 



then to understand why m v ^/m e is such a small 
number (< 10~ 5 ). In the following we will give 
a possible answer to this problem by means of a 
mechanism to protect a fermion coupled to the 
Higgs field from acquiring a mass from the Higgs 
vacuum. 

2. MASS PROTECTION MECHANISM 

We present the following mechanism, based on 
two characteristics of the SM: first, the freedom 



in the choice of the representations of the sym- 
metries of the theory in which the elementary 
particles appear (we will consider specifically the 
translational symmetry) and second, that it is a 
low-energy effective theory. This last fact im- 
plies the presence of a momentum cutoff scale 
A. We will identify new representations of the 
translational symmetry considering that the mo- 
mentum cutoff —A < < A naturally reduces 
the Poincare group of symmetry to a discrete sub- 
group: in Euclidean space, that generated by ro- 
tations of 7r/2 in each plane, and by translations 
of 7r/A in each direction. 

There are only two different representations of 



discretized translations (r' 1 = n^ir/A 



G Z) 



which are compatible with the usual representa- 
tions of rotations: 

i//(p) = e ir - p i/j{p) , and (1) 
i>'(jp) = e ir -H(p) , p^fv-Asign^). (2) 

In coordinate space, these representations are: 

ip'(x) = ip(x + r) (3) 
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iAj: 



>* ry, ip(x + r). 



(4) 



To illustrate how the mass protection mecha- 
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nism works, we will consider a chiral model with 
a left and a right fermion coupled to a complex 
scalar field, and a different representation un- 
der translations for each chirality of the fermion 
field. The physical interpretation of this will be 
that the two chiralities are coupled differently to 
the physics beyond the cutoff. Then, the usual 
Yukawa term in momentum space, 



yfpL([p + k])(t>{k)i> R (p), 



(5) 



is forbidden by translational invariance. In 
Eq. (^|), [p + fc] is the momentum compatible with 
the cutoff obtained by adding or substracting if 
necessary 2A to the components of p + k. The 
interaction term compatible with the new imple- 
mentation of translations is 



WPl(\p + k])<p(k)ip R (p), 



(G) 



where the tilde symbol was already introduced in 
Eq. (||). At leading order for the fermion propa- 
gator, one finds, in the case of the term (|J), a free 
fermion with mass m — y((f>), and in the case of 
the term (|J) , a massless fermion up to corrections 
proportional to inverse powers of the cutoff A. 

However, as the term (Jfy couples momentum 
modes that differ in A, a nonperturbative imple- 
mentation of this mechanism could be problem- 
atic owing to the well-known fermion doubling 
phenomenon. Let us see that this is not the case. 

3. LATTICE IMPLEMENTATION 

On the lattice, we take for the representation 
of translations for the fermion field : 



01 



L x 



Lx+fi, i 



Rx 



'ipRx+fi, 



(7) 



under a translation of one lattice spacing in the ft 
direction. As in the previous discussion, we will 
take «l = and a R — ir in order to have compat- 
ibility with the usual representations of rotations. 
The translational invariant lattice action is 



S — Sb + + <Sfbj 
where 



(8) 



with 



X 

^^xi^x+fi-^x+pn^x), (io) 



!/E("l) 



(12) 



F(p) is a form factor required to be 1 for p = 
and to vanish when p equals any of the doubler 
momenta. With this method, we have a theory 
with 16 fcrmions, 15 of which do not interact 
with physical particles and decouple from the real 
world 0. 

In order to do perturbation theory, let us set 



4>x = 4>\x + i&x, 



(13) 



and consider a scalar field (f> with a VEV (4>ix) 
v , (02x) = 0. Then we write 



»2x 



r\2x 



(14) 



where 7712 represent the small perturbations. 

Let us first note that the presence in the action 
of the term 5fb with such an unusual coupling 
does not modify the vacuum {4>\ x ) = v. This is 
a consequence of both analytical and numerical 
studies of the antiferromagnetic (AFM) phase of 
the chiral Yukawa model [|| . Under the change of 
variables 4>' x — e x <j) xi where e x = {— l)^^", the 
action is invariant if the couplings are mapped 
according to 



(n,ye x ) 1 — ► (-K,y) 



(15) 



X , / i 



With these couplings, a stable AFM phase ex- 
ists where the scalar gets a staggered mean value 
(ftix) = £ xV s t- We can then conclude that the 
original vacuum (4>ix) = v is also a stable vac- 
uum for the action (J8|). 

In momentum space, the inverse of the fermion 
propagator at tree-level order is 

iS(p - p') f{p) + yvF(p)F^(p)S(p -p' + n), (16) 

where J(p) = E M 7M sin PM> f *(p) = f (p + 7r )> 
and 7r = (it, tt, it, it). We have ^(0) = 0. This 
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matrix is not diagonal in momentum space, as it 
connects p with p + tz in a box of the form 

r-i (n \_( i-AP) yvF(p)F n (p) \ , . 
W_ ^ yvF v (p)F{p) ifo + ir) J ^ 

It can be diagonalized to give 

This propagator has 16 poles at momenta 
(0, 0, 0, 0), (tt, tt, 7T, 7r), (tt, 0, 0, 0), (tt, tt, 0, 0), etc., 
which implies zero mass at tree level for the 
physical fermion and all the doublers. One can 
see through perturbative calculations and non- 
pcrturbative arguments that this masslessness is 
maintained at every loop order [||. 

We are interested in the continuum limit of 
the theory because we want to apply it to en- 
ergy scales E <C A. In the limit A — > oo, the 
propagator ( |lS| ) becomes (—i)/^>, that is, a mass- 
less fermion propagator. This limit is well defined 
because it corresponds to the second order phase 
transition of the AFM phase in the chiral Yukawa 
model, where we have restoration of rotational in- 
variance and renormalizability of the theory. In 
summary, we have obtained a massless fermion 
in the low-energy theory by using transformation 
laws under the symmetries of the theory related 
to the presence of the scale A, that is, related 
to the properties of the theory at the next level 
E> A. 

4. APPLICATION TO THE SM 

The present mechanism could be applied in 
the framework of the SM with vr to understand 
the absence of a neutrino Dirac mass, by sim- 
ply choosing a different representation for the L 
and R chiralities of this fermion under transla- 
tional symmetry. As in the SM and are 
coupled by the gauge field, they should appear 
in the same representation, together with e# (in 
order to have the usual Higgs mechanism for the 
electron) . Then the right-handed electron and the 
right-handed neutrino are in different representa- 
tions and they cannot be in the same weak isospin 
multiplct. This situation is in fact assumed in the 
SM. 



Recent oscillation results |4| suggest that the 
neutrino could have a small mass. The usual ex- 
planation for this requires the introduction of Ma- 
jorana terms, which violate lepton number con- 
servation. In the framework of the minimal SM 
as an effective theory, a Majorana mass can be 
generated for the neutrino by the dimension five 
operator 

1>l(x)Cil> L (x)<l>(x)<l>(x). (19) 

In the SM with vr, the see-saw mechanism || 
balances the Dirac term ^ l(x)iP r(x) and the Ma- 
jorana term ip^(x)Cipii(x) in order to explain a 
small mass for the neutrino. 

The mass protection mechanism proposed in 
this work allows a vr in the theory without the 
generation of a Dirac mass. Also, a scenario of 
almost-degenerate neutrinos (the relevant one in 
cosmology) could be explained in an easier way 
after having eliminated the hierarchy of the Dirac 
mass matrix. Besides that, if no Majorana terms 
are allowed in the model, the neutrino oscillations 
could be due to effects of order v/A, and com- 
patible with lepton number conservation in the 
framework of this mass protection mechanism. 
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